ABSTRACT A study was conducted to evaluate the effect of white striping (WS) of broiler breast muscle (Pectoralis major) on protein turnover and gene expression of genes related to protein degradation and fatty acid synthesis. A total of 560 day-old male broiler chicks Cobb 500 were allocated in a total of 16 pens, 35 chicks per pen. A completely randomized design was conducted with a 2 × 3 factorial arrangement (2 scores: severe and normal, and 3 breast meat samples sites). At d 60, 20 birds were randomly selected, euthanized, and scored for white striping. Scoring was either normal (NORM, no WS) or severe (SEV). Also, the same day, 17 birds (16 infused, one control) were randomly selected and infused with a solution of 15 N Phen 40% (APE). Breast muscle tissue was taken for gene expression analysis of the following genes: MuRF1, atrogin-1, IGF-1, insulin receptor (IR), fatty acid synthetase, and acetyl CoA carboxylase (ACC). Each bird was humanely euthanized after 10 minutes of infusion and scored for WS (NORM or SEV).
INTRODUCTION
Meeting the substantial increase in food demand that is being driven by increased human population growth, severe drought conditions, and diversion of grain to ethanol-biofuel production (Steinfeld et al., 2006; Chen et al., 2011; Mora et al., 2013 ) is very challenging. Therefore, there is a need to identify strategies (nutritional, genetic and/or management) to improve livestock (meat, egg, milk, etc.) production at both quantitative and qualitative levels.
The net result of the protein synthesis and breakdown is the accretion of the body protein. The dynamic nature of protein metabolism has been known for 60 years C 2016 Poultry Science Association Inc. Received March 29, 2016 . Accepted July 29, 2016 Corresponding author: ccoon@uark.edu due to the pioneering work of Schoeheimer et al. (1939) . Using stable isotopes of amino acids, they demonstrated that proteins were continually being broken down and resynthesized. In addition, they reported that different organs have different rates of protein synthesis. The dynamic process by which body proteins are continually synthesized and broken down is protein turnover.
After the early studies in protein turnover by Schoeheimer et al. (1939) , other researchers started using the isotope approach to study protein synthesis and degradation (Garlick, 1969; Goldspink et al., 1983; Goldspink and Kelly, 1984; Barret et al., 1987; Bennet et al., 1990; Berger, 2008) . However, it was Garlick et al. (1980) who first developed the flooding dose technique using ( 3 H) phenylalanine in rats. Muramatsu and coworkers (1985 Muramatsu and coworkers ( , 1987 Muramatsu and coworkers ( , 1990 ) validated this technique in broilers. Since then studies have been conducted in broilers, broiler breeders and laying hens using the flooding dose technique with stable isotopes, specifically 886 15N-phenylalanine (Hitamoto et al., 1990; Dänicke et al., 2001; Ekmay et al., 2012 Ekmay et al., , 2013 . White striping (WS) is the white striation observed parallel to the direction of muscle fibers in broiler breast fillets and thighs at the processing plant (Kuttappan et al., 2012a,b,c; 2013a,b,c) . Broiler breast fillets can be categorized as normal (NORM, no stripes), moderate (MOD), or severe (SEV) based on the degree of WS. Histologically, SEV fillets are characterized by the highest degree of degeneration of muscle fibers along with fibrosis and lipidosis when compared with NORM (Kuttappan et al., 2013a,b) . Additionally, as the degree of WS increases, the proximate composition changes where fat increases and protein decreases (Kuttappan et al., 2013a,b,c) .
It is known that WS could be a potential reason for the rejection of raw breast fillets in the market (Kuttappan et al., 2012a,b,c) . However, it is still not clear what the origin of the WS problem is, or what the mechanism is for its appearance. It is also under research how WS can be affected by protein turnover and by genes related to protein synthesis and degradation like MuRF1, atrogin-1, IGF-1, insulin receptor (IR). These genes have already been sequenced for chickens (Dupont et al., 1998; Bigot et al., 2003; Heck et al., 2003; Tosca et al., 2006; Tesseraud et al., 2007) . Therefore, the objective of this study was to elucidate why WS appears in older (60-day-old) broilers and how protein turnover is affecting it.
MATERIALS AND METHODS

Birds and Housing
A total of 560 day-old male broiler chickens Cobb 500 were allocated in a total of 16 pens, 35 chickens per pen (3.0 m × 1.5 m). Birds were managed and fed under Cobb management guide recommendations (CobbVantress, 2012) . Diet composition and nutritional content are shown in Table 1 . Broilers were raised until 60 d of age. All broilers were weighed at 1, 21, 42, and 60 d of age (flock average 3,973 g with feed conversion ratio of 1.88). The present study was conducted in accordance with the recommendations in the guide for the care and use of laboratory animals of the National Institutes of Health and the protocol was approved by the University of Arkansas Institutional Animal Care and Use Committee.
Body Composition Determination
At d 60, 20 birds were randomly selected, culled, and scored for white striping to ensure at least 5 birds per score/treatment were available for analysis (see statistical analysis). Scoring was either normal (NORM, no WS) or severe (SEV WS) according to the scale developed by Kuttappan et al. (2012b) . Fillets classified as NORM did not show any distinct white lines. Fillets classified as SEV exhibited white lines, parallel to the muscle fibers, which were generally > 1-mm thick and very visible on the fillet surface. After scoring, birds were scanned using dual x-ray absorptiometry (DEXA; Model: Lunar Prodigy GE, 2008) equipment for body composition determination as described by Salas et al. (2012) .
Infusion Procedure
The infusion procedure was performed as described by Ekmay et al. (2012 Ekmay et al. ( , 2013 . Briefly, at d 60, 17 birds (16 infused, 1 control) were randomly selected to ensure at least 5 birds per score/treatment were available for analysis (see statistical analysis). Birds were infused via wing vein with a 150 mM solution of 15 N Phen 40% atom percent excess (APE). Each bird was euthanized after 10 min of infusion and scored for WS (NORM or SEV). Samples of the breast muscle (Pectoralis major) were taken at different layers (3 samples per bird: ventral, medial, dorsal) along with excreta from each bird, placed separately in individually labelled sample bag, and immediately frozen in liquid N 2 . All the samples were stored at -20
• C, until analysis. Out of the 16 samples taken, only 10 were selected for analysis based on the WS (5 NORM and 5 SEV; each bird per treatment represented a replicate; see statistical analysis).
Sample Processing
Samples were processed as previously described (Ekmay et al., , 2013 . Briefly, the acid-soluble fraction containing free amino acids was removed by addition of 2% (w/v) perchloric acid. After homogenization, samples were centrifuged at 3,000 × g and the supernatant, containing free amino acids, removed. The protein precipitate was washed three times with 2% perchloric acid before being hydrolyzed in 6 N HCl. The supernatant and precipitate, respectively, were then run through an ion-exchange column packed with Dowex 50WX8-200. Phenylalanine and 3-methylhistidine (3-MH) were eluted with 2 mL of 4 N NH4OH and 1 mL of nanopure H 2 O into a new vial and dried under vacuum. The tert-butyldimethylsilyl (tBDMS) derivative was formed by addition of 800 μLμL of C2CH3CN-MTBSTFA (1:1) and incubation at 110
• C for 60 min. Excreta was processed without the removal of the acid-soluble fraction.
GC/MS Analysis
Analysis of the protein precipitate of breast samples and free amino acids was carried out on an Agilent 7890A GC system attached to an Agilent 5975C mass spectrometer. Helium was used as the carrier gas at 1 mL/min; a 1 μL volume was injected in splitless mode. Starting oven temperature was 150
• C and increased 50
• C/min to 200 • C, after which temperature was increased 20
• C/min to 270 • C and was held for 5.5 min. The mass spectrometer was operated under EI and SIM modes. The 394 and 395 m/z fragments, representing the M and M+1 fragments of phenylalanine, were monitored. Standard solutions (in 0.1 M HCl) were prepared from the same phenylalanine stock to validate APE linearity.
3-MH was determined on the same mass spectrometer. Helium was used as the carrier gas at 1 mL/min; a 1 μL volume was injected in splitless mode. Starting oven temperature was 110
• C and held for 0.65 min, then temperature was increased 30
• C/min to 250 • C, and held for 10 min. The mass spectrometer was operated under EI and SIM modes. The 238 m/z fragment of 3-MH was monitored. Standard curves were generated using commercially acquired stock (Sigma-Aldrich, St. Louis, MO).
Breast muscle fractional synthesis rate (FSR)(Ks) was calculated as Ks = APEb/APEf × 1/t × 100
Where APEb, = 15 N APE (relative to natural abundance) of phenylalanine in protein APEf = 15 N atom percent excess of free phenylalanine in tissues, assumed as the Precursor pool; t = time [d] . Breast muscle fractional degradation rate (FBR)(Kd) was calculated as Kd = 3 − MH daily excretion/3 − MH muscle pool × 100.
RNA Isolation, Reverse Transcription, and Real-time Quantitative PCR
A small sample of breast was taken immediately after birds were euthanized, at time of previous sampling. The sample was placed in a 1.5 mL tube, immediately frozen in liquid N 2 , and then stored at -80
• C until sample analysis. Out of the 16 samples taken, only 10 were selected for analysis based on the WS score (5 NORM and 5 SEV).
Total RNA were extracted from muscle tissues by Trizol reagent (Life Technologies, Grand Island, NY) according to manufacturer's recommendations, DNAse treated and reverse transcribed (RT; Quanta Biosciences, Gaithersburg, MD). RNA integrity and quality was assessed using 1% agarose gel electrophoresis and RNA concentrations and purity were determined for each sample by Take 3 micro volume plate using Synergy HT multi-mode microplate reader (BioTek, Winooski, VT). The RT products (cDNAs) were amplified by real-time quantitative polymerase chain reaction (qPCR; Applied Biosystems 7500 Real-Time PCR system) with Power SYBR green Master Mix. Oligonucleotide primers specific for chicken used included: LPL, forward, 5 -GACAGCTTGGCACAGTGCAA-3 and reverse, 5 -CACCCATGGATCACCACAAA-3 FAS, forward, 5 -ACTGTGGGCTCCAAATCTTCA-3 and reverse, 5 -CAAGGAGCCATCGTGTAAAGC-3 , ACC alpha, forward, 5 -CAGGTATCGCATCACTATAGGTAAC AA-3 and reverse, 5 -GTGAGCGCAGAATAGAAG GATCA-3 , Atrogin-1, forward, 5 -CCTTCCACCTGC TCACATCTC-3 and reverse, 5 -CACAGGCAGGTCC ACAAA-3 ; MuRF1, forward, 5 -TGGAGAAGATT GAGCAAGGCTAT-3 and reverse, 5 GCGAGGTG CTCAAGACTGACT-3 ; IGF-1, forward, 5 -GCTGCC GGCCCAGAA-3 and reverse, 5 -ACGAACTGAA GAGCATCAACCA-3 ; Insulin receptor (IR), forward, 5 -CGGAACTGCATGGTTGCA-3 and reverse, 5 -TCTCTGGTCATGCCGAAGTCT-3 ; ribosomal 18S, forward, 5 -TCCCCTCCCGTTACTTGGAT-3 and reverse, 5 -GCGCTCGTCGGCATGTA-3 , as a housekeeping gene were used. The qPCR cycling conditions were 50
• C for 2 min, 95
• C for 10 min followed by 40 cycles of a two-step amplification program (95
• C for 15 s and 58
• C for 1 min). At the end of the amplification, melting curve analysis was applied using the dissociation protocol from the Sequence Detection system to exclude contamination with unspecific PCR products. The PCR products were also confirmed by agarose gel and showed only one specific band of the predicted size. For negative controls, no RT products were used as templates in the qPCR and was verified by the absence of gel-detected bands. Relative expressions of target genes were determined by the 2 -ΔΔCt method (Schmittgen and Livak, 2008) .
Very Low Density Lipoprotein (VLDL) Analysis
Blood samples were taken from the birds to be infused at d 60. Out of the 16 samples taken, only 10 were selected for analysis based on the WS score (5 NORM and 5 SEV). Plasma very low density lipoprotein (VLDL) was analyzed using an Elisa kit specific for chicken from NeoBioLab (Woburn, MA).
Briefly, 50 μL of sample or standard was added to the appropriate wells in the supplied microtiter plate. The plate was incubated for 1 hour at room temperature. Wells were emptied and washed 3 to 5 times with 300 to 400 μL 1× wash solution per well. After the last wash, 100 μL of conjugate per well was added and mixed. The plate was covered and incubated 1 h at 37
• C in a humid chamber. Each well was washed 5 times with 1× wash solution. After the last wash, the plate was inverted and blot dry by tapping, and 50 μL substrate A was added to each well, followed by addition of 50 μL substrate b. The plate was covered and incubated for 10 to 15 min at room temperature. After incubation, 50 μL of stop solution was added to each well. Finally, the optical density at 450 nm was determined on a plate reader. The mean blank value was subtracted from each sample or standard value and the mean was calculated for duplicate wells. A standard curve was calculated using Microsoft Excel 2013, and the VLDL plasma were calculated by using the standard curve equation.
Insulin Plasma Levels Analysis
Blood samples were taken from the birds to be infused. Out of the 16 samples taken, only 10 were selected for analysis based on the WS score (5 NORM and 5 SEV). Plasma insulin was analyzed using an Elisa kit specific for chicken from Cusabio Lab (Hubei Province, P.R. China). This assay employs the competitive inhibition enzyme immunoassay technique. The microtiter plate provided in this kit had been pre-coated with and antibody specific to insulin. Standards or samples were added to the appropriate microtiter plate wells with biotin-conjugated insulin or IGF-1. A competitive inhibition reaction was launched. The more hormones in the sample, the antibodies bound to by Biotinconjugated hormone. After washing, Avidin conjugated horseradish peroxidase was added to the wells. Substrate solution was added to the wells and the color develops opposite to the amount of hormone in the sample. The color development was stopped, and the intensity of the color was measured in a plate reader at 450 nm. A standard curve was built and insulin concentrations were calculated by used of the standard curve equation.
Statistical Analysis
The experimental design for this trial was a completely randomized design with a factorial arrangement 2 × 3, 2 treatments and 3 sample sites being each treatment represented by the WS score (NORM or SEV) and each sample site represented by ventral, medial, and dorsal. Each treatment had 5 replications, where each bird per treatment represented one replicate.
Analysis of variance was performed using JMP software (Cary, NC), and means were separated by Student's t-test with a P value < 0.05. 
RESULTS
Body Composition
Body composition from birds with SEV and NORM WS scores are shown in Table 2 . No significant differences (P > 0.05) were found between SEV and NORM groups regarding fat mass, lean mass, and total mass.
Fractional Synthesis and Breakdown Rate: Breast Muscle
Broiler breast muscular fractional synthesis rate (FSR) and fractional breakdown rate (FBR) by WS score are shown in Table 3 . There were no significant differences (P > 0.05) in FSR between SEV and NORM, or among samples sites. There was only a WS score effect regarding FBR where SEV birds had a higher (P < 0.05) FBR than NORM (8.2%/d and 4.28%/d, respectively, P < 0.0001).
Plasma Insulin and VLDL Levels
Insulin and VLDL plasma levels are shown in Table 4. No significant differences (P > 0.05) were found between SEV and NORM regarding plasma VLDL lev- IGF-1 relative expression by score. Y-axis: relative expression of IGF-1 (fold change to C). X-axis: birds with normal or severe white striping. a and b refer to significant differences between groups (Normal and severe white striping; P value = 0.03). For each group n = 5. els (13.10 μL/mL and 11.50 μL/mL, respectively; P = 0.17).
Gene Expression
Relative gene expression of MuRF-1, atrogin-1, IGF-1, insulin receptor (IR), fatty acid synthethase (FAS), lipoprotein lipase (LPL) and Acethyl CoA carboxylase (ACC) are shown in Figures 1-7 . The SEV birds had acid synthetase (Figure 5 ), but no difference in ACC (P = 0.23; Figure 6 ) when compared to the NORM. However, birds with SEV white striping showed higher skeletal muscle relative expression of LPL (P = 0.053; Figure 7 ).
DISCUSSION
Based on visual evaluation of the intensity of WS, breast fillets can be categorized into NORM, MOD, and SEV categories (Kuttappan et al., 2012a,b) . Results of the present study show that birds with SEV WS had significantly higher FBR than that those with NORM score. This suggests greater protein breakdown in the muscle with severe white striping. This is supported by studies conducted by Kuttappan et al. (2012a,b) who evaluated histology and proximate composition of fillets with WS. The authors reported a significant increase in scores for degenerative or necrotic lesions, fibrosis, and lipidosis as the degree of white striping increased from NORM to SEV along with supporting muscle composition data that showed increased fat and decreased protein content in severe WS fillets relative to normal fillets.
DEXA analysis was conducted in this study to determine if severe degrees of white striping could be identified in birds based on body composition data. In general, the birds with severe white striping and normal score did not show differences in body composition using DEXA (fat mass, lean mass, and total mass). The DEXA analysis for body composition may not be sensitive enough to pick up changes in the breast muscle, especially since the DEXA fat value can be variable (Caldas et al., 2013) In the present study, birds with severe white striping also showed significantly higher relative expression of MuRF1 and not significantly higher (P = 0.07) atrogin-1 relative expression than birds with normal score. MuRF1 and atrogin-1 are E3 ligases, which are muscle specific and responsible for protein degradation (Lang et al., 2007) .
The ubiquitin proteasome system is one of the major pathways that regulates muscle protein breakdown, this pathway plays a main role in controlling muscle size (Witt et al., 2005; Lang et al., 2007; Gumicio and Mendias, 2013) . These results support the increased protein FBR that was observed in the present study. Furthermore, Vignale et al. (2014a Vignale et al. ( , 2014b reported a similar trend between the expression of these genes and FBR. They evaluated protein turnover in broiler breeders and concluded that the relative expression of MuRF1 and atrogin-1 was significantly higher in birds with higher FBR. In the present study, birds with SEV WS had lower (P < 0.05) relative expression of IGF-1 than birds with NORM breast. IGF-1 is one of the most widely studied activators of muscle hypertrophy. Mice with a muscle-specific loss of IGF-1 receptor have reduced whole body and muscle mass, and decreased fiber quality (Gumicio and Mendias, 2013) . Further, Sacheck et al. (2004) concluded that IGF-1 down regulate MuRF1 and atrogin-1. Other studies have also indicated that IGF-1 suppresses atrogin-1/MURF1 transcription (Song et al., 2005) . Whereas, Vignale et al. (2014b) found that the relative expression of IGF-1 was significantly lower (P < 0.05) in birds with higher FBR further supporting the current data regarding gene expression and FBR. The current study shows that the relative expression of the insulin receptor in the muscle was higher (P = 0.004) for the birds with SEV WS in comparison to the control (NORM score). The relative expression of LPL was not significantly different (P = 0.053). It was found in the present study that birds with SEV WS showed lower relative expression in skeletal muscle tissue of FAS (P = 0.032) than birds with NORM score. The relative expression of ACC was not significantly different (P = 0.23). LPL is a key enzyme regulating the disposal of lipid in the body, and it is the major enzyme responsible for the hydrolysis of triglycerides in the circulating lipoproteins. This hydrolysis produces free fatty acids that are assimilated by muscle and adipose tissue (Goldberg, 1996; Fielding and Frayn, 1998) . ACC and FAS are key enzymes of the fatty acids synthetic pathway (Wakil, 1989; Davis et al., 2000) . The fact that more skeletal muscle FBR in the birds with SEV white striping was found in comparison to the ones with NORM score suggests that the composition of those fillets might be also different.
The results of this study suggest that one of the possible reasons why white striping is occurring may be due to a higher muscular degradation rate that leaves space for fat deposition as well as more fat mobilization. Further studies are needed to better understand why birds with severe white striping are degrading more muscular protein and mobilizing more fat.
